Abstract. Grass silage was offered ad libitum to 16 Ayrshire cattle in a 2 x 2 factorial experiment lasting 196 days. The silage was supplemented with barley preserved with 0.85 % of propionic acid (PAB) or 1.28 % Gasol solution (GB) 45 g DM/kg W 0 75 . Four of the animals in PAB and GB groups received no protein supplement (NPS) and four of the animals in both groups received extracted rapeseed meal as protein supplement (RSM). RSM was fed according to UDP (undegradable feed protein) requirements. The average age of the animals at the beginning of the experiment was 86 days and the average liveweight 106 kg.
Introduction
New protein evaluation systems recognize that the amino acids available to ruminants will be supplied partly by microbial protein synthesis in the rumen and partly from dietary protein, that is undegradable in the can meet their protein requirements from microbial synthesis. More recent information (ORSKOV and McLeod 1982) suggests that endogenous N losses may be greater than previously thought and protein reguirements may need to be revised upwards.
The crude protein of grass silage is rapidly degraded in the rumen, especially when the NPN content of the silage is high (Setälä 1983 a) , and the supplementation with undegradable protein may therefore be advantageous for animals with high protein requirements. In many experiments supplementation of grass silage with fish meal (FM) (Garstang et al. 1979 , Kirby and Chalmers 1982 , Kirby et al. 1983 a, Kay and Scott 1984) or with soyabean meal SBM (Kirby et al. 1983 b, Waterhouse et al. 1983 has increased the liveweight gain of growing cattle. The responses to liveweight gain are partly due to increased silage DM intake and partly to an increase in undegraded feed protein.
Values for efficiency of microbial protein synthesis in animals given silage diets are lower than in animals given hay (Thomas 1982) . In addition the proportion of methionine of total amino acids in duodenal digesta is lower on silage than on hay diets (Thomas 1982) . Methionine is frequently the first limiting amino acid in ruminants.
In Finland beef cattle feeding is often based on silage ad libitum and 2-4 kg of barley/d. Protein supplements are seldom used in grass silage based feeding. On such a diet the amount of UDP is very low and the protein flow into the duodenum depends mainly on microbial protein synthesis. One possible method to increase dietary protein flow into the duodenum is to protect it against microbial degradation in the rumen. According to a review by Kaufmann and Topping (1982) , protected protein tends to improve weight gain and feed conversion.
The present experiment was designed to evaluate the effect of rapeseed meal, the most important protein supplement produced in Finland, and Gasol-treated barley as UDP sources for growing cattle on silage based diet.
Material and methods

Animals and feeding
A feeding trial of 2 X 2 factorial design was carried out with 12 bulls and 4 heifers of Finnish Ayrshire breed. The animals were taken in four blocks into the experiment, at the average weight of 106 kg and average age of 86 d. The animals were divided into four similar groups with respect to sex, age and liveweight. The four treatments consisted of two barleys, each either supplemented with rapeseed meal (RSM) or given without supplements (NFS). The barleys were preserved at a moisture content of 20-22 % with addition of 0.85 % of propionic acid (PAB) or 1.28 % of Gasol solution (GB), which is a mixture of organic acids and formalin. The experiment lasted 196 days after which the bulls were slaughtered. The animals were weighed at the beginning and end of the experiment on two consecutive days and during the experiment every second week.
Unwilted grass silage, preserved with AIV II solution (80 % formic acid, 2°7o orthophosphoric acid), was offered ad libitum in quantities that were s -l o 5-10 % in excess of the previous day's consumption. In addition to the silage, 45 g DM/kg W 0 75 of rolled barley was offered. In the RSM group the animals received extracted RSM according to calculated UDP requirements (ARC, Anon 1980) . If there was no calculated UDP requirement the amount of RSM was then 0.2 kg/d. A commercial mineral mixture was provided to the amount of 100 g/d and a vitamin mixture every week according to the requirements. Barley, RSM and mineral mixture were mixed prior to feeding. The animals were fed individually twice daily. Feed refusals were weighed every day.
Sampling and analyses
The feeds were sampled once a week and pooled into one sample for two weeks for silage and barleys and into one sample for four weeks for RSM. DM determination was made of every sample and feed analyses of pooled samples. DM content was determined at 103°C and samples for feed analyses were dried in vacuum at 50°C. DM content of silage was corrected and pH, lactic acid, sugars, ammonia N and VFA were analyzed as described by Huhtanen (1984 a) . Feed analyses were made according to standard methods.
Degradabilities in the rumen of crude protein and DM of all experimental feeds and of starch of barleys were determined by nylon bag method (Setälä 1983 b) . The feeds were incubated in the rumen of sheep receiving the same feeds in the same proportion as the animals in the feeding trial. The feeds for in sacco determinations were pooled into one sample for four weeks. The starch content of barleys and nylon bag residues was determined by the method of Salo and Salmi (1968) .
Rumen samples were taken from the bulls 10 weeks after the start of the experiment with a 2 X 60 mm needle through the rumen wall before, and 2.5 and 5 hours after the morning feeding. pH was measured immediately; ammonia N was measured by the method of McCullough (1967) and VFA from deep frozen supernatant by the method of Huida (1973) . Blood samples were taken from Vena jugularis at the beginning of the experiment and every eight weeks thereafter before the morning feeding. The samples were treated and analyzed as described by Huhtanen (1984 b) .
In vivo digestibility of the rations was determined by indicator method with chromic oxide as marker. Five grams of chromic oxide paper was fed directly into the oesophagus twice daily for 12 days. Grab samples of faeces were obtained from the rectum during the last five days, twice daily. Faeces were dried and analyzed by standard methods as feed samples. Chromic oxide was determined by the method of Petry and Rapp (1971) .
Calculations
Rumen degradable protein (RDP), UDP and organic matter fermented in the rumen (OMF) were calculated using degradabilities obtained from nylon bag studies. OMF determined by nylon bag method was assumed to be the true digestibility in the rumen. Apparently fermented organic matter in the rumen (OMF A ) was calculated assuming a value of 20 g N/kg truly digested OM for the efficiency of microbial synthesis in the rumen and assuming the N content of microbial OM to be 10 %. The UDP requirement was calculated according to ARC (Anon 1980) . The efficiency of microbial synthesis has been shown to be lower on silage diets than on hay diets (Armstrong 1980 , Thomas 1982 . The value used for the efficiency of microbial synthesis was 25 g N/kg OMF A proposed by Thomas and Chamberlain (1982) for silage diets, which is 5 g lower than proposed in the ARC system for all diets.
The differences between the groups were tested with three-way analyses of variance with interaction between the type of barley and protein level (Steel and Torrie 1960) .
Results and discussion
Feed composition, feed intake and liveweight gain
The mean chemical composition, calculated energy and DCP values and degradabilities are given in Table 1 . There were large differences in nutritional value of the silage (OM in vitro digestibility 60.4-71.6 %) and in quality of the silage (ammonia 3.6-13.3 % of total N). The barleys were well preserved and the additives caused no differences in the quality. The proportion of water soluble N of total N was higher in PAB than GB (16.9 vs. 7.4). GB had a clearly slower degradation rate of crude protein in the rumen, and also the degradation rate of DM and starch were slightly slower (Fig. 1) . Feed intake and nutrient consumption data are given in Table 2 . RSM had no effect on silage DM intake, which is in disagreement with the results obtained with other protein supplements, e.g. with SBM (Waterhouse et al. 1983 , Kirby et al. 1983 , with FM (Kay and King 1984, Kirby et al. 1983 a, 1983 b, Gill and England 1983 and with groundnut meal (Gill and England 1984). Chalmers et al. (1983) did not find any differences between EM and SBM in the effect on silage DM intake. The response to supplementary protein may depend on the fermentation quality of the silage. Thomas et al. (1980) observed that the intake with FM supplement increased more when the lactic acid content of the silage was higher. In the present study the following correlations between the silage parameters and silage DM intake/kg W 0 75 were obtained: DM content 0.224 (P < 0.01), crude protein 0.388 between 80 and 240 kg liveweight there were no differences between RSM and SBM.
Protecting barley with Gasol had no effect on liveweight gain, which agrees with the results of Edwards et al. (1984) for barley treated in the same way. Kaufmann and Luffing (1982) , on the other hand, found an average higher liveweight gain with protected protein than with untreated protein.
The amino acid composition of barley protein, however, is poor compared with microbial protein or tissue protein. Alaviuhkola and Näsi (1984) found lower lysine content in Gasol-treated barley than in dried barley. Thornton et al. (1977) reported increasing nonammoniaN flow into the duodenum with increasing formaldehyde content in ensiled corn, but N retention was not increased and N excretion in urine was increased with formaldehyde treatment. Davis and Faichney (1973) reported lower liveweight gain with formaldehyde treated barley than in untreated barley. In the present study there was no interaction between protein supplement and barley treatment in feed intake, daily gain or feed conversion rate. In carcass characteristics there were no significant differences between the treatments. Dressing % tended to be higher in the RSM than in the NPS group.
RSM supplementation increased significantly (P < 0.01) the liveweight gain of the animals ( Table 3) . The difference in daily gain between NPS and RSM was higher in the first part of the experiment (0.95 kg vs.
1.10 kg on days I -9 B 1-98 and 1.08 vs. 1.14 kg on days , suggesting that at that time the amino acid flow into the duodenum was the growth limiting factor. Finnish DCP requirements (Salo et ai. 1982) were not met in the NPS group during the first month of the experiment. RSM had no significant effect on feed conversion rate. Tissue protein, calculated according to ARC (Anon. 1980) FM (Bax and Offer 1982, Gill and England 1983) . Gill and England did not find significant differences between FM and more degradable groundnut meal in the effect on silage digestibility. The reason for the positive response to supplemental protein may be increased digestion in the rumen. Lindberg (1984) found the digestibility of silage in the rumen determined by nylon bag method to increase from 54 % to 64 % when 2.6 kg barley DM was replaced with SBM in the diet of dairy cow. In silage the major proportion of the protein is degraded in the silo and this may result in a shortage of amino acids and/or peptides, which are believed to be important growth factors for rumen microbes. In the present study Gasol treatment tended to decrease the apparent digestibility of crude protein, which effect is often found when high levels of formaldehyde are used (Kaufmann and Luffing (1982) .
animals did not meet their UDP requirements because they did not eat all the feed given. Calculated utilization of absorbed protein for conversion into tissue protein was on average 0.566 ± 0.010 for different diets (Table 5) , which is lower than proposed by ARC (Anon. 1980) . Satter and Roffler (1975) and Verite et al. (1979) (1983) with SBM at a liveweight of 320 470 kg. These effects cannot be explained by the ARC 1980 system. One reason for lower protein utilization may be, in addition to low efficiency of microbial synthesis, the poorer amino acid composition in the duodenal digesta on silage than on hay diets (Thomas and Chamberlain 1982) . Following ARC (1980) , the apparent absorption of amino acids used in the present calculation was 0.70, which is higher than the 0.63 adjusted for silage diets proposed by Thomas and Chamberlain (1982) . Of total DOM, the proportions of OM apparently fermented in the rumen DOM were 74.3, 69.5, 73.5 and 70.6 % for diets PAB, GB, NPS and RSM, which are close to the value presented by Thomas and Chamberlain (1982) for silage diets. They presented a more appropriate equation for microbial synthesis for silage diets, in which the amount of microbial N absorbed from small intestine and deposited in the tissues is 0.41 g N/MJ ME. The corresponding value in the ARC 1980 system is 0.53 for all diets.
poorly matched. However, Gill and England (1983) got a much lower increase in daily gain with sucrose than with FM supplements in calves fed silage diet. Thomas et al. (1980) did not observe any effect of barley supplement on the efficiency of microbial synthesis on formic acid silage diet. With protein supplements the efficiency of protein synthesis has sometimes increased (Armstrong 1980) . Calculated RDP intake was much higher than requirement, which was also found by Setälä et ai. (1984) in dairy cows fed a similar diet. Degradability of silage crude protein was 84 %, much higher than values reported for formic acid silage in duodenum cannulated animals (Thomas et al. 1980 , Thomson et al. 1981 ) and closer to values reported for non-additive silage (Beever et al. 1977) . In the present study, calculated amino N flow into the duodenum was much lower than N intake, indicating high ammonia losses from the rumen.
Rumen fermentation and blood composition
There were no significant differences in rumen pH, total VFA or ammonia N concentration (Table 6 ). Ammonia N tended to be higher on RSM and PAB diets than on NPS and GB diets. Total VFA concentration was slightly higher on RSM than on NPS diet indicating more intensive fermentation of RSM diet. The differences in proportions of Efficiency of microbial synthesis in silage diets is lower, because silage OM consists of silage fermentation products and the yield of ATP/kg OMF a is lower (Thomas 1982) .
Another reason may be that the rates of ammonia and energy release from silage are VFA were small, although significant in the proportion of propionic acid.
RSM caused a significant (P < 0.05) increase in plasma urea N (Table 7) , which agrees with results for other protein supplements (Kirby et al. 1983 (Kirby et al. a, 1983 (Kirby et al. b, 1984 . Gasol treatment tended to decrease plasma urea N content. Fish meal has been found to increase blood glucose concentration (Kirby et al. 1983 (Kirby et al. b, 1984 , but in the present study no effect due to RSM supplement was noted.
(Abstr.). In conclusion, the present study indicates that RSM can be used as protein supplement on silage diets. RSM supplement increased liveweight gain in growing cattle, which may be the result partly of increased amino acid supply and partly of increased energy intake. RSM increased significantly the ration digestibility. A further experiment is needed to evaluate the effect of RSM on silage diets in animals weighing up to 500 kg. 
